Objective-Since 1905 there have been many reports of cases in which the right ventricle was deficient in myocardium. Several terms have been used to describe this condition. Of these, "Uhl's anomaly" and "arrhythmogenic right ventricular dysplasia" are most often used. Our study investigates the relation between these entities. Method-Five cases with a primary deficiency of the right ventricular musculature were examined. The findings were compared with those published reports to evaluate the similarities and differences between Uhl's anomaly and arrhythmogenic dysplasia.
As far as we can find, it was Osler who first referred to a parchment heart in which all the cardiac chambers were greatly dilated and the walls very thin. ' Then, in 1952, Uhl described a case in which the wall of the right ventricle was said to be paper thin and almost devoid of muscle fibres, an appearance akin to parchment heart.2 Since then, many examples have been reported in which the muscle of the right ventricle was wholly or partly deficient. The term Uhl's anomaly has generally been applied to such cases, although other terms have been used such as ectasia of the right ventricle,3 congenital aplasia of the right ventricular myocardium,4 congenital hypoplasia of the right ventricle,5 idiopathic right ventricular myocardial dysplasia,6 absence of right ventricular myocardium,7 fatty infiltration,89 or lipomatosis.1' Then, in 1979, Fontaine et al described an entity which they called arrhythmogenic right ventricular dysplasia."1 This lesion was characterised by localised deficiency or fibrofatty tissue replacement of right ventricular myocardium. Since then, the term arrhythmogenic, or right ventricular, dysplasia, has been used increasingly often, whereas, perhaps surprisingly, references to parchment heart have ceased and those to Uhl's anomaly have noticeably decreased. This raises the question of whether these lesions represent two different entities or are simply variants of a single underlying congenital malformation? Our attention was attracted to this correlation by examination of five hearts examined at necropsy. We have supplemented our personal findings with attention to the key features of nearly 500 of the cases reported. Together, this has permitted us to evaluate the similarities and differences between these two groups of conditions.
Case reports CASE 1
Case 1 was a male neonate for whom no clinical particulars were available. The right ventricle was paper thin and, apart from the apical trabeculations, the free wall was devoid of myocardium ( fig 1) . Histological examination confirmed the absence of muscle, a thin layer of elastic and fibrous tissue being all that separated the epicardium and the endocardium ( of the heart, he suddenly deteriorated with low blood pressure. A biventricular assist device was surgically implanted without success. He died in circulatory, renal, hepatic, and haematological failure. At necropsy the heart was moderately enlarged with considerable dilatation of the right atrium. The There is no reason why the described condition cannot coexist with other anomalies. Thus O'Connor and his colleagues described histologically proved areas of total absence of myocardium in a recent study of cases with pulmonary atresia and intact septum.' Of the 481 cases reviewed, we have found mention of associated cardiac malformations in 17. In 10 of these, the associated lesion was pulmonary atresia, but not in the form described by O'Connor et al.' It is always questionable whether the dilatation and thinning of the wall of the right ventricle seen more typically in pulmonary atresia with intact ventricular septum is due primarily to a primary myocardial dysplasia or, more probably, is secondary to the lesions afflicting the pulmonary and tricuspid valves. In selecting our cases for comparison, therefore, we excluded cases with pulmonary atresia, and similarly excluded cases where aortic atresia was found in association with discordant ventriculoarterial connections.41
There remained six cases with associated lesions, an incidence of 1A4%. This is only fractionally higher than the overall incidence of congenital cardiac malformation in live births42 and can easily be explained on the basis of chance association.
MORPHOLOGICAL APPEARANCES
Our review of the literature shows that the term Uhl's anomaly has frequently been used to describe cases that now would be considered as examples of arrhythmogenic right ventricular dysplasia. When we take note of this practice it is clear that, as exemplified by our cases, there is a clearcut morphological difference between the two entities. In the lesion that we term Uhl's anomaly, represented by the first two cases in our material and directly comparable with the index case, there is virtually complete absence of the myocardium of the parietal wall of the right ventricle. The septal component, however, along with the ramifications of the septomarginal trabeculation and the papillary muscles of the tricuspid valve, are normally muscularised. The parietal wall, by contrast, is composed of the opposing endocardial and epicardial ventricular surfaces, with no fatty tissue interposed between these layers. These changes are truly congenital, being present at birth and diagnosed now by fetal echocardiography." We have also been shown a necropsied fetal specimen in which the lesion was directly comparable to the initial description of Uhl (courtesy of Dr Jane Zucollo, University of Nottingham).
By contrast with this total absence of the myocardium in classical Uhl's malformation, arrhythmogenic right ventricular dysplasia is characterised by patchy and localised replacement of the parietal wall of the right ventricle by fibrofatty tissue. This adipose replacement occurs primarily within the ventricular outflow tract, but can also be seen in the inlet or apical regions, sometimes spreading to involve the left ventricle. The adipose replacement in cases such as those shown in our material is sufficiently obvious to be visible to the naked eye. These gross morphological appearances are those described by French workers as arrhythmogenic right ventricular dysplasia, and by Italian workers as right ventricular cardiomyopathy.4344 The question remaining to be answered, and one to which we cannot contribute, is how much fatty replacement is necessary to justify the diagnosis of cardiomyopathy, because some degree of adipose tissue is a ubiquitous constituent of the right ventricular wall. 45 Irrespective of that consideration the appearances noted in our study permit a clear distinction to be made between Uhl's anomaly on the one hand and arrhythmogenic right ventricular dysplasia or right ventricular cardiomyopathy on the other. The choice between the last terms would, at present, seem a matter of personal preference.
AETIOLOGY AND PATHOGENESIS
Uhl speculated that the primary congenital defect was failure of development of the muscle of the primordium of the right ventricle, which he considered to be derived from the right sided element of the paired primitive myoendocardial tubes in the very early embryo.2 Dalla Volta considered that the right ventricle was particularly susceptible to injury during intrauterine life as it was submitted to greater pressures and resistances than the left ventricle, but did not mention the nature of the precipitating factor. 46 In our cases, as well as in those published elsewhere, we have been impressed by one constant morphological feature. In both Uhl's anomaly and right ventricular dysplasia the degree of deficiency of muscle is maximal in the outlet region and minimal in the inlet region. This has suggested the possibility of a longitudinal rather than a lateral orientation or developmental defect. The heart can be considered to be derived from a primitive tube, the subsequent folding and looping of which produces the various definitive chambers. The ventricular loop comprises proximal and distal limbs that form the major portions of the left and right ventricles respectively. Thus the ventricles can be considered as having a serial origin. Selective maldevelopment of the myocardial mantle in the distal or arterial end of the primitive cardiac tube could, to a greater or lesser extent, produce the spectrum of abnormalities under discussion. Although Uhl's anomaly and arrhythmogenic right ventricular dysplasia are distinct morphological entities, it is possible that they might share a common pathogenesis. Familial incidence, especially in arrhythmogenic right ventricular dysplasia, may be due to a common exposure to toxic or infectious agents23 but a genetic anomaly would seem to be a more likely explanation for the appearance of the condition through three generations." " It has been considered that this may be due to an autosomal recessive condition1925 or, more probably, to one of autosomal dominance with incomplete penetrance. 23 In Uhl's anomaly it seems that the distal part of the primitive ventricular myocardial mantle does not develop. The endocardial and epicardial layers, therefore, remain in contact with each other, with no residual muscle to initiate or sustain an arrhythmia. Patchy non-development of muscle, together with progressive degenerative changes in adjacent surviving muscle, may allow extended survival into adolescence or adult life and present the clinical picture of arrythmogenic right ventricular dysplasia. It may well be that the process could extend further backwards into the proximal limb of the loop, that is, the left ventricle. There is some evidence that this can occur to a minor degree. Histological changes in the myocardium of the left ventricle have been found in some cases21 47 and clinical evidence of disturbed left ventricular function has been found in others." 4348 It is likely that more extensive ventricular involvement could occur initially, but this would be incompatible with continued fetal development and would probably result in early abortion.
Conclusions
The relation of the two distinct groups described in our report has been clouded by the fact that, before recognition of arrhythmogenic right ventricular dysplasia during the 1980s, many cases with this morphology were inaccurately classified as Uhl's malformation. Where a critical analysis is made of published work, and cases with fibrofatty tissue replacement of the.parietal wall of the right ventricle are distinguished from those with congenital absence of the parietal ventricular myocardium, it becomes clear that the morphological entities are distinct. In this respect, it is also of interest to note that the mere number of cases now described as showing Uhl's malformation has fallen with the more widespread recognition and diagnosis of arrhythmogenic right ventricular dysplasia or right ventricular cardiomyopathy. There is also a case for referring to this primary disorder as right ventricular myodystrophy, in line with the dystrophies of skeletal muscle. Having made the distinction on grounds of gross morphology, our review then shows that cases of Uhl's malformation are usually diagnosed in neonatal or infant life and present with congestive heart failure. By contrast, those with arrhythmogenic right ventricular dysplasia rarely manifest symptoms before the age of 20 years, and usually present with palpitations or else die suddenly. We are unable to judge whether these last cases are best described as arrhythmogenic right ventricular dysplasia or right ventricular cardiomyopathy. The aetiology of the dysplasia, or cardio-myopathy is unequivocally a replacement of myocardial cells by fibrofatty tissue. The affected areas of ventricular wall show the fat filling the space initially occupied by myocardium. This is by noticeable contrast to the situation in Uhl's malformation where the afflicted wall shows no evidence of adipose tissue, the endocardial and epicardial layers being directly apposed ( fig IC) .
It could be argued that the lesions are due to a similar insult, but in terms of morphology and clinical presentation they are separate and distinct entities..It therefore makes more sense to describe them by different names-Uhl's malformation and arrhythmogenic right ventricular dysplasia (or right ventricular cardiomyopathy).
